Diamond Compact (PDC) as shown in Figure 1 and Figure 2 , respectively. Both bits had a central point made of WC, and cutters held in place by screwclamped wedges. Thermocouples were imbedded in thermally conductive epoxy next to the leading edge of each cutter (see arrows in Figures 1 and 2 ). The WC bit had the cutters placed at a rake angle of +5°, while the PDC cutters were placed at a rake angle of -15°, where rake angle is defined as the angle of attack the cutter takes as it feeds across the surface of the object being drilled. Sample Preparation. Since the mechanical properties of lunar regolith, such as grain angularity and abrasiveness, have significant effects on drillability, an accurate simulant was acquired for testing. FJS-1 Lunar Simulant [2] was mixed with water at a concentration of 10wt%, compacted to a density of 2 g/cm3 by the Modified Proctor Method (ASTM D1557) into 15 cm deep, stainless steel cylinders and frozen to -85° C. During compaction, thermocouples were placed close to the soon-to-be-drilled hole and at the edge of the simulant column. This simulant preparation represents a "worst case" scenario for drilling, with the water completely mixed in the soil before freezing causing the water to act as a cementing agent, and the water concentration and total bulk density at the high end This strength is similar to that found for medium strength sandstones.
Results: Initial tests were performed with rotational speeds upwards of 100 RPM in simulants that were not actively cooled, or cooled to -60°C with dry ice. The ROP for both the PDC and WC bits were initially quite high (50 cm/hr), but these could not be sustained because the augers clogged up with cuttings, eventually stalling the progress of the drill. The clogging resulted from ice thawing and turning the initially powdery cuttings into a sticky material. In subsequent tests with active LN 2 cooling, the rotational speed was reduced to 60 RPM and WOB was controlled manually to prevent the bit temperature from exceeding -10°C. In these tests, the cuttings were not compacted in the auger, but maintained the form of a loose powder (see Figure  3) that was easily excavated from the hole (Figure 4) . Even with the LN 2 cooling system keeping the simulant at or below -50°C, the increase in the temperature at the bit was high. Figure 5 shows that the bit temperature is directly proportional to the drilling power (power being RPM x torque). The curve indicates that seemingly modest drilling power can raise the temperature at the bit by 50°C and more. Thus maintaining stimulant sample temperatures to lunar levels for future testing is necessary for accurate results. Note also that these tests were conducted under Earth atmospheric pressure. Higher bit and soil temperatures will be anticipated in hard lunar vacuum, where convective cooling is non-existent. shows drilling data (drilling power and the rate of penetration) for WC and PDC bits as a function of WoB. With the constraint of keeping the bit temperature no higher than -10°C, the rates of penetration of both types of bits were very modest. At 25 cm/hr, the PDC bit would take eight hours to drill two meters (the requirement of CRUX project), while, at 15 cm/hr, the WC bit would take more than thirteen hours of continuous drilling. The lower WOB required by the WC bit (120 N) could be very advantageous on the Moon, where the weight of a lander or rover would be only one sixth of its terrestrial weight and only a portion of that weight is available for drilling down-force. Given a typical efficiency of a motorized drill system of 50%, the amount of drilling power consumed by both the PDC bit (16 W) and the WC bit (10 W) would translate to electrical consumptions of 32 W and 20 W respectively; both of these values would be quite acceptable in a future flight drill system. A comparison of the performance of the PDC and WC bits at 60 RPM and a similar bit temperature of approximately -10°C shows that the PDC bit is more efficient (the specific energy, an energy required to drill a volume of rock, for a PDC bit is approximately 150 MJ/m 3 and for the WC bit it is around 200 MJ/m 3 ), but also requires a higher WOB. 
Conclusions:
The results of this preliminary study indicate that it is possible to drill into ice-bound simulated lunar soil with low drilling power (10-20 Watt). The crucial factor for successful drilling is to limit the amount of heating, and this is accomplished by keeping the rotational speed low. Although, under terrestrial pressures, the driving factor for low power drilling is to prevent water-ice inside the soil from thawing, under Lunar conditions, it will be volatile retention i.e. preventing water ice from escaping by sublimation in order to support high fidelity characterization of the subsurface ices.
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